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Introduction
Gastric cancer is one of the leading causes of cancerrelated deaths worldwide, especially in East Asia (1) . However, early gastric cancer (EGC), especially clinical stage IA as defined by the Japanese classification of gastric carcinoma, 14th edition (2) , has a very good prognosis with a 5-year overall survival (OS) rate of >90% among patients who have undergone gastrectomy (3, 4) . Various studies have shown the safety and feasibility of laparoscopic gastrectomy (LG), and patients with clinical stage IA gastric cancer are therefore considered eligible for LG (1, 5) .
With a low birthrate and super-aging, Japan has been experiencing a demographic shift. Governmental data have indicated that 33 million people (26% of Japan's population) are ≥65 years of age and that about 16 million people (13% of the population) are ≥75 years of age. In 2060, individuals aged ≥65 years are expected to comprise 40% of the total population of Japan, and individuals aged ≥75 years are expected to comprise 27%. Old-old and oldest-old populations have been defined as individuals aged ≥75 years by the Japanese governmental insurance system. Additionally, the Advanced Elderly Medical Service System in Japan, which provides benefits to reduce individual payments of medical expenses, also uses this cut-off for applicants to qualify. The age of patients with gastric cancer has increased (6) , and elderly patients often have comorbidities, such as circulatory and respiratory diseases, and a limited ability to engage in activities of daily living (7) . Cancer therapies are crucial for elderly patients (8) , but few large-scale studies have evaluated the safety and feasibility of LG in elderly patients (9) (10) (11) .
The aim of this study was to investigate the safety and feasibility of LG for EGC, especially in elderly patients aged ≥75 years. We also herein discuss the key points and pitfalls of LG for this population.
Material and Methods

Patients
We retrospectively reviewed 221 patients who underwent LG for EGC at our institution during a 5-year period (January 2010 to December 2014). Preoperative staging was based on upper gastrointestinal endoscopy, upper gastrointestinal series, and enhanced CT. Based on their preoperative examination findings, all patients in this study were preoperatively diagnosed with EGC.
Our institutional criteria for LG are based on the gastric cancer treatment guideline issued by the Japanese Gastric Cancer Association (12) . Only patients who fulfilled both the criteria of a tumor invasion depth within the submucosa and no lymph node (LN) metastasis underwent LG. Other gastric cancers exhibiting either deeper invasion into the proper muscle layer or LN metastasis were excluded from LG.
Tumors were classified according to the 14th edition of the Japanese classification of gastric carcinoma (2) . Postoperative complications were evaluated according to the Clavien-Dindo classification (13) .
The study was approved by the Institutional Review Board of Tenri Hospital in accordance with the Declaration of Helsinki. The patients involved in this study provided written informed consent authorizing the use and disclosure of their protected health information.
Surgical procedures
The patient was placed in an open-leg position. The operator stood on the right side of the patient, the first assistant stood on the left side, and the laparoscopist stood between the patient's legs. After establishment of CO 2 pneumoperitoneum of 8-10 mmHg through the umbilical port, four working ports were placed in the upper abdomen. A flexible videolaparoscope was then introduced via the umbilical port, and a 3-D laparoscopic system was employed (Endoeye Flex 3D, EVIS EXERA III; Olympus, Tokyo, Japan). We routinely performed distal and total gastrectomy with regional LN dissection using D1+ dissection as defined by the Japanese classification of gastric carcinoma (2) . Reconstruction by laparoscopic distal gastrectomy (Billroth-I, Billroth-II, or Roux-en-Y reconstruction) varied in accordance with the intraoperative findings (14-16). During laparoscopic total gastrectomy, all patients underwent Roux-en-Y reconstruction (1). We performed delta-shaped anastomosis intracorporeally in Billroth-I reconstruction and gastrojejunostomy with a linear stapler intracorporeally in Billroth-II reconstruction. For Roux-en Y reconstruction, we initially applied a transoral method with OrVil (Covidien, Mansfield, MA, USA) to esophagojejunostomy until July 2014. Thereafter, we employed a fully intracorporeal technique with a linear stapler to create a functional end-to-end anastomosis. Our surgical procedures were previously described in detail (1) . However, we changed surgical policy and closed the mesenteric defect and Petersen's defect during this study term. Previously, we closed only the mesenteric defect after Billroth-II and Roux-en-Y reconstructions during
LG. Since 2012, we have closed both Petersen's defect and the mesenteric defect because postoperative internal hernias had been observed after LG.
Classification
The total follow-up period was 3.40 AE 1.41 years. The patients comprised 142 men and 79 women with a mean age of 67.0 AE 10.1 years. We classified all 221 patients into two groups based on age: ≥75 years (elderly) (n = 47) and <75 years (younger) (n = 174). Patient profiles, intraoperative factors, short-term postoperative courses, histopathological findings, long-term postoperative outcomes, and OS and relapse-free survival (RFS) rates were compared between the two groups. Histopathological findings were carefully assessed by at least two pathologists.
Statistical analysis
Data are presented as mean AE SD. Student's t-test was used for paired continuous variables, and the MannWhitney U-test and χ 2 test were used for unpaired continuous or discontinuous variables between groups. The Kaplan-Meier method (log-rank test) was used for survival curves. Statistical calculations were performed using statistical software (StatView version 5.0; SAS Institute Inc., Cary, USA). A P-value <0.05 was considered to indicate statistical significance.
Results
Patients' profiles
Patient profiles are summarized in Table 1 . The mean ages of the patients in the elderly and younger groups were 78.9 AE 3.3 and 63.2 AE 8.7 years, respectively. More comorbidities were clearly observed in the elderly group. In particular, this group more frequently exhibited hypertension and/or neurological diseases. The number of patients with an ASA score of 1 and 2 significantly differed between the groups, but not the number of patients with an ASA score of 3. The younger group had a greater tendency toward a score of 1, while the elderly group showed a tendency toward a score of 2. Overall, elderly patients had more perioperative risk factors.
Intraoperative factors
The intraoperative factors in each group are shown in Table 2 .
The operative procedures did not significantly differ between the two groups. During laparoscopic distal gastrectomy, Billroth-I reconstruction was performed significantly more frequently in the younger group. In contrast, Billroth-II reconstruction was performed more often in the elderly group. Roux-en-Y reconstruction during all procedures (laparoscopic distal gastrectomy and laparoscopic total gastrectomy) was almost equally employed in both groups. The operation time, blood loss volume, and incidence of conversion to open surgery did not significantly differ between the two groups, but the number of harvested LN was significantly lower in the elderly group. Open conversions were necessary in the elderly group in two cases because of intraoperative findings of suspicious advanced cancer and in one case because of splenorrhagia. Conversions in younger group were needed in two cases because intraoperative findings of suspicious advanced cancer, one case because of severe adhesion, and one case because of technical difficulty during esophagojejunostomy.
In the elderly group, 26 of 47 patients (55.3%) Petersen's defect was intentionally not closed. In the younger group, this defect was not closed in 84 of 174 patients (48.2%).
Short-term postoperative course
The patients' short-term clinical courses (i.e. within 30 days after LG) were evaluated. Complications and hospital stay after LG are shown in Table 3 .
Postoperative complications included pancreatic fistula, postoperative bleeding, anastomotic leakage, surgical-site infection, obstructive ileus, intraperitoneal abscess, and pneumonia; the frequencies of these complications did not significantly differ between the two groups. There was also no significant difference in the post-LG hospital stay between the two groups.
Histopathological findings
Histopathological findings were assessed according to the Japanese classification of gastric carcinoma and are summarized in Table 3 (2). The histopathological findings were similar in both groups.
Delayed complications requiring additional surgeries during the long-term period after LG
Postoperative complications during the long-term postoperative period (i.e. more than 6 months after LG) are shown in detail in Table 4 . These complications were not observed in the period between 30 days and 6 months after LG.
The incidence of delayed complications during the long-term postoperative period was clearly higher in the elderly patients. Incisional hernia, internal hernia, intestinal volvulus, acute cholecystitis, and other complications were observed.
The numbers of delayed complications, including complications requiring elective surgeries such as abdominal incisional hernia, did not significantly differ between the two groups. These complications were successfully treated by elective procedures.
Surprisingly, unexpected complications requiring emergent surgeries (Clavien-Dindo grade 3) occurred only in elderly patients. These delayed and urgent complications were internal hernia, intestinal volvulus, and acute cholecystitis. A total of 9 elderly patients required additional emergent surgeries to treat urgent complications during the long-term postoperative period.
OS and RFS
The OS and RFS rates are shown in Figure 1 .
OS and RFS did not significantly differ between the two groups (P = 0.2986 and P = 0.1390, respectively). The outcomes of LG for EGC in elderly patients seemed to be acceptable.
Discussion
Various therapeutic options are currently available for EGC, including endoscopic treatment, LG, and conventional open gastrectomy (3). LG has many advantages for patients with EGC, including good cosmesis, minimal postoperative pain, low operative stress, early postoperative recovery, early meal ingestion, a short postoperative hospital stay, and improved quality of life (17) (18) (19) . The results of the present study indicate that LG for EGC is safe and feasible for elderly patients (9, 20) .
Elderly patients usually have various comorbidities and therefore a shorter life expectancy than younger patients (7) . In the present study, comorbidities such as hypertension and neurological diseases were more frequent in elderly patients than younger patients, and the ASA score tended to reflect the baseline diseases and comorbidities in each group. The indications for and effectiveness of LG for gastric cancer are still controversial, especially in elderly patients (7, 21) ; life expectancy may be shorter in this population because of a higher risk of death due to baseline and/or other diseases. The delicate balance between the advantages (e.g. quality of life) and disadvantages of LG must be considered for elderly patients (10) . No significant differences were found in the short-term clinical courses between the two groups.
LG for gastric cancer can be successfully performed with an acceptable complication rate even in elderly patients (9, 22) . The presence and degree of preoperative comorbidities are important factors associated with postoperative complications (23, 24) . A high Charlson Comorbidity Index score, ASA score, and intraoperative blood loss volume have been identified as independent predictors of postoperative complications after LG for gastric cancer (22) . In the present study, there were significant differences between the elderly and younger groups with regard to some comorbidities and ASA score (Table 1) , although any power analyses to detect the risk factors for postoperative complications were not reliable given our sample size.
LG for elderly patients with EGC is safe and feasible. However, urgent complications requiring emergent surgeries occurred more frequently in elderly patients during the long-term postoperative period in our study. Postoperative internal hernia was observed only in the elderly group. In the elderly group, five cases (19.2%) of internal hernia in the long-term postoperative period were observed in the 26 patients in whom Petersen's defect was not closed. Because all cases of internal hernia occurred in the elderly population without intentional closure of Petersen's defect, we changed our surgical procedure regarding the mesenteric defect and Petersen's defect. Particularly with regard to internal hernia during long-term postoperative period, we were unable to explain the difference between the two groups. Immunosuppression of the inflammatory process is reduced in older individuals, and therefore, the intra-peritoneal adaptation of mesenteric tissue may not occur in elderly individuals. We speculated that insufficient adaptation of mesenteric tissue could have led to the increased incidence of internal hernia in the elderly group. Our data suggest that close follow-up during the long-term postoperative period may be required for elderly patients who undergo LG for EGC. However, additional emergent surgeries seem to be the only solution for urgent complications.
We also found no significant difference in the histopathological findings between the two groups in our study. This raised a simple question: Is aggressive LN dissection necessary in elderly patients? The impact of LG or LN dissection on the outcome of gastric cancer has been previously discussed (25, 26) . Our long-term outcomes demonstrated no significant differences in either OS or RFS between the two groups.
LG has been shown to be a safe treatment for gastric cancer in elderly patients (9, 22) , and we agree that LG for EGC is a reasonable and valid procedure. However, the clinical significance of LN dissection for EGC is still controversial (27-29). We performed D1+ LN dissection for both elderly and younger patients and found that the number of harvested LN was significantly lower in elderly patients. One possible explanation is that immunosuppression of the oncologic reaction and inflammatory process against cancers in older individuals could limit the number of LN harvested. Another possible explanation is that LN dissections in elderly patients were consciously or unconsciously waived during LG, whereas LN dissection was more aggressive in younger patients. Even so, insufficient LN dissection had no impact on OS or RFS. Paradoxically, aggressive LN dissection may be omissible in elderly patients with acceptable results.
The present study had some potential limitations inherent to its retrospective nature and small sample size, especially in elderly group. However, our results clearly demonstrated that elderly patients undergoing LG did not necessarily have an increased surgical risk. Further research from randomized prospective studies is required to establish the safety and feasibility of LG for gastric cancer in elderly patients. In conclusion, the outcomes of LG for EGC in elderly patients were reasonable. Aggressive LN dissection may be omissible in elderly patients with acceptable results. Overall, LG can be a safe and feasible procedure in elderly patients with EGC. However, the higher rate of delayed but urgent complications during the long-term postoperative period must be considered in this population, and the closure of the mesenteric defect and Petersen's defect must be performed during LG to prevent delayed internal hernias.
